The study was conducted to investigate the quantity and the main food sources of carbohydrate (CHO) intake of junior elite triathletes during a short-term moderate (MOD; 12 km swimming, 100 km cycling, 30 km running per wk) and intensive training period (INT; 23 km swimming, 200 km cycling, 45 km running per wk). Self-reported dietary-intake data accompanied by training protocols of 7 male triathletes (18.1 ± 2.4 yr, 20.9 ± 1.4 kg/m 2 ) were collected on 7 consecutive days during both training periods in the same competitive season. Total energy and CHO intake were calculated based on the German Food Database. A paired t test was applied to test for differences between the training phases (α = .05). CHO intake was slightly higher in INT than in MOD (9.0 ± 1.6 g · kg -1 · d -1 vs. 7.8 ± 1.6 g · kg -1 · d -1 ; p = .041). Additional CHO in INT was mainly ingested during breakfast (115 ± 37 g in MOD vs. 175 ± 23 g in INT; p = .002) and provided by beverages (280.5 ± 97.3 g/d vs. 174.0 ± 58.3 g/d CHO; p = .112). Altogether, main meals provided approximately two thirds of the total CHO intake. Pre-and postexercise snacks additionally supplied remarkable amounts of CHO (198.3 ± 84.3 g/d in INT vs. 185.9 ± 112 g/d CHO in MOD; p = .231). In conclusion, male German junior triathletes consume CHO in amounts currently recommended for endurance athletes during moderate to intensive training periods. Main meals provide the majority of CHO and should therefore not be skipped. CHO-containing beverages, as well as pre-and postexercise snacks, may provide a substantial amount of CHO intake in training periods with high CHO requirements.
Carbohydrate (CHO) intake of endurance athletes before, during, and after exercise has been extensively studied. High CHO intake has been shown to maintain both performance and mood state during intense training periods (Achten et al., 2004) and to improve endurance performance when ingested before exercise after an overnight fast (Neufer et al., 1987; Tsintzas, Liu, Williams, Campbell, & Gaitanos, 1993) .
Based on available studies that investigated the effects of short-term CHO intake modifications on either glycogen stores or acute exercise benefits, guidelines for CHO intake have been established (Beelen, Burke, Gibala, & van Loon, 2010; Burke, Cox, Cummings, & Desbrow, 2001; Rodriguez, DiMarco, & Langley, 2009 ). These guidelines account for both different body mass of athletes and different training situations and exercise loads, providing recommendations per kilogram body mass according to training load (Burke et al., 2001) . However, doubt remains as to whether these scientifically established guidelines are routinely converted into practice by endurance athletes (Burke et al., 2001 ). The available literature presents an average CHO intake of 5.5 g CHO · kg -1 · day -1 in female and 7.5 g CHO · kg -1 · day -1 in male endurance athletes (Burke et al., 2001) . In these studies, dietary-intake data were usually collected within 3-7 days of diet recording in the same training period. Regarding the recent research on possible effects of modulated CHO availability resulting in exercise periods with low and others with high glycogen stores on training adaptation (Burke, 2010; Havemann et al., 2006; Yeo et al., 2008) , information on habitual CHO intake during different training periods might be required.
Another issue of interest is the spreading of CHO intake in junior athletes over the day. In trained runners and cyclists, a distinctive nibbling pattern has been observed (Kirsch & von Ameln, 1981) . In contrast, in adult recreational marathon runners, main meals accounted for 71.5% of total energy intake, with supper contributing 34% of dietary intake (Butterworth, Nieman, Butler, & Herring, 1994) . Similarly, main meals were observed to be the major source of both energy and CHO in a large group (N = 167) of Australian Olympic team members of different sports. Here, snacks accounted for approximately one fifth of total energy intake .
Spreading CHO intake over several meals and snacks might be superior to ingesting only three main meals, as a CHO-rich whole-food diet is often bulky and may cause gastrointestinal discomfort or early satiety (de Oliveira & Burini, 2009 ). In addition, incorporating postexercise CHO-rich snacks into the daily meal plan may support glycogen resynthesis during short-term recovery (Jentjens Jeukendrup, 2003; Millard-Stafford, Childers, Conger, Kampfer, & Rahnert, 2008) . Although such behavior is often recommended by sports nutritionists, literature investigating the customary distribution of CHO intake of endurance athletes over the day is rare. Recently, Cox, Snow, and Burke (2010) analyzed the consumption of CHO beverages of triathletes during race days. The data provide evidence that triathletes consume CHO-containing fluids during competitions. It may be assumed that beverages are a convenient source of CHO during training, as well, but the contribution of fluids to CHO intake during habitual training periods in triathletes has not been previously investigated.
Therefore, the purpose of the study was, first, to investigate the amount of CHO intake of junior triathletes during two different training periods (moderate vs. intensive); second, to analyze the distribution of CHO intake over the day; and, finally, to identify the major food sources of CHO in these athletes.
Methods

Participants
Seven male triathletes (18.1 ± 2.4 years, 180 ± 4 cm, 67.9 ± 6.3 kg, 20.9 ± 1.4 kg/m 2 ) training at an Elite School of Sports located at one of the German Olympic Sports Centers were recruited to participate in the study. During the study period, a mean of 1,236 ± 465 min training per week was documented. Athletes were asked to record their training and diet twice for 7 days in both training periods, which were characterized by the coach as moderate and intensive. Athletes' training documentation was used to verify the coach's a priori classification. Inclusion criteria comprised competing at triathlon events (Olympic distance) at national or international level, body-mass index ≥18 and <25 kg/m 2 , and age 16-23 years (national junior level). Special diets such as vegetarianism, diets to either decrease or increase body mass, or changed dietary behavior or training load due to illness or injury during the study period served as exclusion criteria. None of the youth athletes had received dietary counseling by a sports nutritionist before the onset of the study, and no dietary instructions were given to them. Written informed consent was given by all participants and, if they were not of legal age, their parents.
Study Design
The study was conducted in a cross-sectional design. Before and after experimental procedures, inclusion criteria were verified using a checklist. Body mass and height were measured before the onset of dietary recording. No relevant changes in body mass were reported during the study period. To avoid distorted nutrient-intake data due to changes in food availability, two 7-day periods with full-boarded supply were chosen for the study. The first dietary-record period took place during the moderate0training week, and the second was undertaken in the same competitive season with a higher training load. In the first week (MOD), scheduled training included 12 km of swimming, 100 km of cycling, 30 km of running, and 3 hr of strength and conditioning exercises. In the second week (INT), distances of 23 km swimming, 200 km cycling, and 45 km running were accompanied by 3.5 hr of strength and conditioning exercises.
Dietary Records
To collect dietary-intake data, 7-day estimated food records using household measures were used. Athletes were educated on how to use food records and instructed to use standard household measures when quantifying portion sizes. In cases where packaged foods such as yogurts or muesli bars were consumed, athletes were asked to document the package serving size. The structured food protocol allows a separate analysis of energy and nutrient intake for breakfast, lunch, dinner, and snacks. A 7-day period was regarded sufficient to produce reliable data for energy and CHO intake and short enough to offer an acceptable burden for the athletes (Basiotis, Welsh, Cronin, Kelsay, & Mertz, 1987; Magkos & Yannakoulia, 2003) . Energy and nutrient intake were analyzed based on the German Food Database BLS II.3 using PRODI expert software (PRODI NutriScience, Hausach, Germany). For foods not contained in the database, such as energy bars, standardized recipes according to the company's food labeling were created. A coding list for items not contained in the food-composition database and for composite dishes (i.e., chili con carne, chicken fricassee) was established to standardize data input. To reduce the error caused by the examiner transferring the food records into nutrient calculation (Braakhuis, Meredith, Cox, Hopkins, & Burke, 2003) , input into the database was performed by the same examiner (S.N.) and double-checked by a second experienced nutritionist (A.C.). Plausibility of the dietary records was assumed if reported energy intake was higher than 1.75 times estimated resting metabolic rate, as a physical activity level of 1.75-2.05 has been previously observed in adolescent competitive athletes .
Data Analysis
Total energy and CHO intake in both training periods were calculated for each athlete, and relative amounts of dietary intake per kilogram body mass per day were determined. The pattern of CHO ingestion spread over the day was analyzed by calculating each meal's average contribution to total CHO intake.
In addition, relevant food sources of CHO were identified by calculating the CHO content of the following food groups: cereals and side dishes (bread, rolls, muesli, cereals and cereal bars, rice, pasta, potatoes, and products containing these staple foods), fruits and vegetables (fresh, cooked, canned, dried, and otherwise prepared fruits and vegetables; juices and smoothies were not included), fluids and beverages (sweetened water, sweetened tea or coffee, soft drinks, fruit juices, smoothies, milk and flavored milk drinks, hot chocolate, commercial sports drinks), and sweets and biscuits (chocolate bars, chocolate, candies, cakes, cookies, potato chips, waffles). Data are given as M ± SD and 95% confidence intervals were appropriate.
After calculating the total and relative amounts of CHO, a paired t test was used to identify differences between the two training phases. A p level below .05 for the α error was considered statistically significant. Statistical calculations were performed using SPSS 19.0 (IBM Statistics, Munich, Germany).
Results
Dietary Energy and CHO Intake and Food Sources of CHO
Athletes' total energy intake did not differ between MOD (95% CI 3,046-4,732 kcal/day) and INT (95% CI 3,310-5,326 kcal/day; p = .066; Table 1 ). CHO accounted for 56% ± 4% (MOD) and 58% ± 5% (INT) of total energy intake (p = .131). Total CHO intake ranged from 413 to 789 g/day (95% CI; Table 1) in MOD and INT, respectively. In INT, a moderate but significant increase of CHO intake relative to body mass was observed (INT 9.0 ± 1.6 g CHO · kg -1 · day -1 vs. MOD 7.9 ± 1.7 g CHO · kg -1 · day -1 ; p = .041).
Food Sources of CHO
In MOD, cereals and side dishes provided the largest amount of CHO, whereas in INT fluids and beverages were the major source of CHO (Table 1) . Taken together, cereals and side dishes and fluids and beverages provided 75-80% of total dietary CHO. Contribution of fruits and vegetables (mean of the two study weeks: 32.8 ± 24.9 g CHO/day) or sweets and biscuits (mean of the two study weeks: 56.5 ± 46.4 g CHO/day) to total CHO intake was small and did not differ between the training periods ( Table 1 ). In general, no difference in contribution of each of the four food groups between MOD and INT was observed (p > .05; Table 1 ). Relative energy intake (kcal · kg -1 · day -1 ) 57.9 ± 11.9 63.2 ± 10.2 .062
Contribution of Single Main Meals and Between-Meal Snacks to Total CHO Intake
Absolute carbohydrate intake (g/day) 536.6 ± 137.6 640.8 ± 141.0 .062
Relative carbohydrate intake (g · kg -1 · day -1 )* 7.9 ± 1.7 9.0 ± 1.6 .041 MOD (p = .002). By contrast, no difference in CHO content of lunch or dinner between the trainings periods was observed (Table 1) . Between-meal intake, mostly consumed as pre-or postexercise snacks, provided approximately 30% of total dietary CHO. Between-meal snacks included muesli or energy bars; CHO-containing beverages, fruits, or sweets as defined previously; or additional foodstuff such as yogurt, fruit-curd cheese, and fast-food sausages. In both MOD and INT snacks turned out to be the predominant "meal" to ensure a high CHO intake. Between-meal snacks alone provided 2.7 ± 1.6 g CHO · kg -1 · day -1 in MOD and 2.8 ± 1.1 g CHO · kg -1 · day -1 in INT.
Information on the intake of fat and protein, as well as of micronutrients, in both training periods is provided in Table 2 .
Discussion
Adequate dietary CHO intake is a key factor for health and performance in endurance athletes (Achten et al., 2004; Burke et al., 2001; Gleeson 2006) . Adapting energy and CHO intake to the changing demands depending on the current exercise loads might be recommended. However, little information is available on how athletes change their diets and which food sources substantially contribute to their total CHO intake.
Findings from the current study suggest that junior triathletes meet recommended CHO intake of 5-10 g · kg -1 · day -1 during periods of moderate-and high-volume training periods. As the athletes had not received any nutritional guidance from a nutritionist before, it may be assumed that living and exercising in a full-board residential campus supports adequate CHO intake. All meals, but not the snacks and drinks between the meals, were provided by the catered facilities during both weeks. Transferability of these results to athletes who need to feed themselves might be questioned.
In both training periods, mean CHO intake was within the recommended range for endurance-trained athletes (Burke et al., 2001) . During the intensive training phase, significantly more CHO per kilogram body mass compared was consumed than in the moderate training period. However, the difference in CHO intake between the training periods is small, and no difference could be observed for the energy intake. Therefore, it may be assumed that the increase in CHO was not intentionally planned by the athletes. However, breakfast was the only meal that contained significantly more CHO during the intensive week than in the moderate training period. A substantial but not statistically significant increase in CHO-containing beverages accounted in part for the increase in CHO intake during the intensive training period. Thus, improving the availability of CHO-containing fluids and encouraging athletes to consume such beverages may be helpful to increase CHO intake if required. Beverages seem to be an excellent source of CHO, as they are easy to consume during or directly before and after exercise. The feeling of satiety may be lower than with whole solid meals, resulting in larger amounts of CHO consumed. Vice versa, consuming CHO-rich fluids and snacks may be a challenge for athletes who need to carefully monitor or reduce their body mass, as overconsumption of energy may easily occur (Berkey, Rockett, Field, Gillman, & Colditz, 2004) . In general, athletes should be encouraged to consume adequate amounts of nutrient-rich whole foods to meet their nutrient requirements other than CHO. CHO content of snacks that are typically recommended to enrich athletes' diet with CHO did not differ between the two periods. The time-consuming workload of the endurance athletes may in part account for the lack of increased snacking during the intensive period. In addition, total CHO content of the snacks per day during both periods was higher than CHO contained in a single main meal, which makes a further increase unlikely. To include a number of light snacks in the diet may be recommended, as it provides substantial amounts of CHO and avoids gastrointestinal complaints that may occur after large main meals. Spreading the energy and nutrient intake over several meals may be helpful. Recent data confirm the general recommendation not to skip single meals even during busy training days. A single meal accounts for approximately one quarter to one third of total CHO intake of junior triathletes. This finding coincides with eating patterns observed in adult elite athletes, where main meals accounted for >70% of total CHO consumption .
Notably, the consumption of fruits and vegetables was low in both periods. CHO intake from fruits and vegetables varied from 28 to 41 g/day in both periods and is comparable to consumption of one large banana and an apple. This low average ingestion of fruits and vegetables does not suit the current recommendations but may reflect the athletes' preference for energy-rich foods low in fiber. However, except for a suboptimal supply of folic acid and vitamin D, micronutrient intake met the recommended daily amounts.
Limitations
General limitations in assessing energy and nutrient intake in athletes are the reliability and validity of the method used. For CHO, a recording period of 5 days on a group level has been shown to be appropriate (Basiotis et al., 1987) . However, when counseling an individual athlete, more days of recording (approximately 37) are required (Basiotis et al., 1987) . Another source of error is the underreporting of food intake, regardless of whether it is caused by different perceptions of portion sizes between athletes and the examiner or due to other causes. Using the same dietary data-analysis device as presented here for a 4-day food record, which was double-checked by the same sports nutritionist as in the recent study, we have previously observed underreporting in endurance athletes of approximately 18% (Carlsohn, Fusch, et al., 2011) .
Another limitation of the current study is the low number of participants, which makes the transferability of the results to other endurance athletes questionable. In addition, female athletes were not included. However, it was shown that female athletes have a lower energy and CHO intake than recommended (Beidleman, Puhl, & De Souza, 1995; Edwards, Lindeman, Mikesky, & Stager, 1993) .
Finally, total energy expenditure and thus CHO requirements could only be estimated based on the training targets, the individual training documentation, and the current guidelines on CHO. More sophisticated measurements such as doubly labeled water technique for the energy requirement or indirect calorimetry for CHO oxidation during the exercises would have been preferable but could not be conducted for practical reasons.
Conclusion
Junior triathletes appear to meet dietary CHO-intake recommendations during periods of moderate and intensified training. Main meals should not be skipped, as they provide approximately one quarter to one third of total CHO intake. Snacks substantially contribute to CHO intake and provide even more CHO than a single main meal. Cereals and side dishes, as well as beverages, seem to be the major food sources of CHO intake in junior triathletes. CHO-rich beverages may be considered an easy-to-consume source of CHO not only during competition but also during routine training. Increasing the consumption of fruits and vegetables and including pre-and postexercise snacks in the diet may help achieve both dietary CHO and micronutrient intake goals.
